Additional index words. foliar disease, Rhododendron 'Cunningham's White', Rhododendron 'English Roseum', Rhododendron 'Compact P.J.M.', nursery production, ammonium nitrate Abstract. Growth and susceptibility of evergreen Rhododendron 'English Roseum', 'Cunningham's White', and 'Compact P.J.M.' to Phytophthora ramorum in response to biweekly nitrogen (N) fertilizer application at rates of 25, 75, and 150 mg N per 11.4-L container was evaluated during two growing seasons. At the end of both growing seasons, horticultural evaluation of the different plants showed that 150 mg N-fertilized cultivars had superior shoot growth, visual quality, leaf color, and the highest leaf N concentration, whereas the 25-mg N cultivars were inferior for these characteristics. Plants fertilized with the 75-mg N rate were typically intermediate to the 150-and 25-mg N plants for the measured characteristics. During the first growing season, the number of flower buds on 'Cunningham's White' and 'English Roseum' was not influenced by N rate but the second season bud numbers increased with increasing N fertilizer. Foliar susceptibility to P. ramorum was influenced by N fertilizer application rates in the most susceptible cultivars, 'English Roseum' and 'Cunningham's White', in which lesion size and infection frequency both increased at higher N rates. The results were variable in 'Compact P.J.M.', the most resistant cultivar.
The environmental impact of container nursery production practices has come under increasing scrutiny in recent years (Majsztrik et al., 2011) . Fertilizer applications to containerized plants typically exceed requirements and irrigation is often excessive, resulting in nutrient leaching, runoff, and potential contamination of surface and groundwaters (Biernbaum, 1992; Chen et al., 2001; Lea-Cox et al., 2004; Majsztrik et al., 2011) . Research has shown that marketable containerized plants can be produced using lower N rates and less water (Cabrera, 2003; Ku and Hershey, 1997; Majsztrik et al., 2011; Ristvey et al., 2007; Scagel et al., 2011) . The Best Management Practices (BMP) Guide (Yeager et al., 2007) describes fertilization and irrigation strategies nurseries can follow to prevent environmental contamination.
In addition to reducing the potential for N pollution, lower N applications may reduce the incidence of plant disease. Under some conditions, high N rates have been reported to increase disease levels in plant disease pathosystems (Halsall et al., 1983; Mittelstrab et al., 2006) . The exotic oomycete plant pathogen Phytophthora ramorum, the causal agent of sudden oak death, has caused significant damage to forests in coastal northern California and millions of dollars in losses in the nursery industry in California, Oregon, and Washington (Dart and Chastagner, 2007b; Hansen et al., 2005a Hansen et al., , 2005b Werres et al., 2001) . Many Phytophthora species cause root diseases on their hosts; however, P. ramorum can colonize the roots of hosts such as rhododendron without causing symptoms (Vercauteren et al., 2013) . Phytophthora ramorum causes symptoms on the aerial portions of its hosts. On many ornamental and forest plants, P. ramorum only causes leaf spots or shoot dieback in contrast to the lethal stem cankers found on oak (Quercus spp.), tanoak (Notholithocarpus densiflorus), and beech (Fagus spp.) .
In 2000 to 2002, scientists demonstrated that the spread of P. ramorum was associated with the movement of nursery stock, and control efforts were established by the U.S. Department of Agriculture Animal Plant Health Inspection Service (APHIS). These efforts focused on surveying nurseries and eradicating the pathogen (APHIS, 2010; Dart and Chastagner, 2007a) . However, the repeated recovery of P. ramorum from production and retail nursery sites suggests nurseries can potentially act as reservoirs for the pathogen (Dart and Chastagner, 2007b; Tjosvold et al., 2002) . Thus, regulators, researchers, and industry have come to the realization that an integrated approach will be essential to effectively and sustainably limit the spread of P. ramorum by nursery stock (Dart and Chastagner, 2007b) .
There are currently no data available to support or refute how N fertility affects disease severity of P. ramorum on nursery hosts. Phytophthora ramorum is the model organism of choice because it is a driving force behind current BMP reforms. Rhododendron is the most logical model plant to use in pathological studies of P. ramorum because Rhododendron spp. account for most of the plants associated with positive nursery finds in North America (APHIS, 2012; Dart and Chastagner, 2007a) . Rhododendron species and hybrids are also important hosts of P. ramorum in Europe (De Dobbelaere et al., 2009; Werres et al., 2001) .
In this study, we use the P. ramorumrhododendron pathosystem as a model to investigate the dynamics between N application rates and disease development. Specifically, we tested the hypothesis that higher N fertility would result in increased disease incidence and severity.
Materials and Methods
Plant material. Three rhododendron cultivars shown to vary in their susceptibility to P. ramorum (M. Elliott, unpublished data; Tooley et al., 2004) , 'English Roseum' (highly susceptible), 'Cunningham's White' (moderately susceptible), and 'Compact P.J.M.' (moderately resistant), were purchased from a wholesale nursery as 2-yearold #1 (2.8-L, 15 cm diameter · 21 cm tall) container-grown plants. On 3 Apr. 2008, they were transplanted to #3 (11.4-L, 25.5 cm diameter · 22.5 cm tall) containers in a 100% douglas-fir bark substrate amended with Scotts Micromax micronutrient mix at a rate of 1038 g · m -3 . Plants were randomized on a gravel nursery bed and irrigated daily with overhead sprinkler irrigation but were not fertilized to allow for depletion of residual fertilizer in the substrate. After 8 weeks, just before the start of N treatments, all plants were moved to a drip irrigation system. Water was applied through an emitter consisting of a 56-cm length of 3.2-mm microtubing with holes laser drilled in a preset spacing of 9 cm that was formed into an 18-cm diameter circle around the stem of each plant. The circular emitter was attached through a tee-fitting to a non-perforated 3.2-mm microtube that was attached to a pressure-compensating drip emitter originating on the 12.7-mm irrigation main line. This arrangement allowed for uniform distribution of water to the surface of the growth substrate. Water was applied daily at 0800 HR until plant growth and increasing temperatures necessitated twice-daily applications at 0800 and 1400 HR. Containers were watered to minimize leaching, leaching fraction (volume of leachate/volume of water applied) not to exceed 0.1, by monitoring leachate volumes and adjusting irrigation as needed.
Nitrogen treatments. On 2 June 2008, after plants were attached to the drip system, fertilizer treatments started. Fertilizer solutions were surface-applied twice a week at three N rates: 100, 300, or 600 mg · L -1 N. Phosphorus (P) and potassium (K) were applied at a uniform rate of 100 mg · L -1 P and 200 mg · L -1 K to all plants at each N application. Thus, all plants received the same amount of P and K; only the N rate varied. The fertilizer solutions were prepared using combinations of ammonium nitrate (EM Science, Germany), potassium sulfate (J.T. Baker Chemical Co., NJ), and potassium phosphate monobasic (EM Science). The water used to mix the fertilizer solutions had a pH of 6.8 and an electrical conductivity of 0.2 dS · m -1 . The volume of solution applied at each fertilization was 250 mL resulting in an N application rate equivalent to 25, 75, or 150 mg N/container.
The experiment consisted of a factorial combination of three cultivars by three N rates in a randomized complete block design with eight individual plant replications. Plants were grown on a gravel nursery bed in full sun.
In mid-Oct. 2008, all plants were moved to a fiberglass overwintering structure. In late Mar. 2009, all plants were returned to the nursery bed drip irrigation system and, starting on 2 Apr. 2009, provided with the same fertilizer treatments as applied in 2008.
Plant growth and quality measurements. Initial plant height and the narrowest and widest canopy widths were recorded before the start of N treatments. In early October of 2008 and 2009, plant height and the widest and narrowest canopy width were measured again and the yearly increase in height and widths was determined. From these data, yearly plant growth increases were calculated as the incremental shoot growth index (ISGI) using the following formula ISGI = [(widest width increase + narrowest width increase)/2 + height increase]/2 (Krucker et al., 2010) . Plant visual quality was rated on a 1 to 5 scale where 5 = superior quality; 4 = high quality; 3 = marketable quality; 2 = low quality; and 1 = poor-quality plant. Leaf color and the number of visible flower buds on 'English Roseum' and 'Cunningham's White' were also recorded. Color of the interveinal lamina of two mature leaves per plant from the most recent growth flush was determined quantitatively with a Minolta CR200b Chroma Meter (Minolta, Ramsay, NJ). The CIELAB coordinates, L*a*b*, were recorded, and the chroma (C*) and hue angle (h°) were calculated (McGuire, 1992 ). An average L*, C*, and h°for each plant was determined from the two leaves sampled. L* measures the lightness or value of the color from black (0) to white (100). C* is a measure of color saturation or intensity and indicates the intensity of color from gray (0) toward a pure chromatic color. Saturation increases with the number. Hue°is the attribute of color perceived (red, yellow, green, blue, or intermediate between adjacent pairs arranged on a 360°color wheel). Leaf color and flower bud numbers of 'Compact P.J.M.' were not measured as a result of fall color development and difficulty discerning vegetative from floral buds on this cultivar.
Root growth was measured by removing plant root balls from the containers and rating root length from 1 to 4 where 1 = roots grew halfway to the container bottom; 2 = roots grew three-fourths of the way to the container bottom; 3 = roots to container bottom; and 4 = roots circling container bottom. Root density in the periphery of the root ball was also rated from 1 to 4 where 1 = no roots visible at the root ball periphery; 2 = few roots visible; 3 = many roots visible but growing medium still obvious; and 4 = solid root mass with little or no growing medium visible.
Leaf nitrogen concentration. Leaf tissue for N and carbon (C) analysis was collected in early October of 2008 and 2009 by harvesting four fully mature, current-season leaves from each plant. The leaves of two plants within a cultivar and treatment were combined to produce four replicates, which were dried at 65°C to constant weight, ground, and sent to the University of Nebraska analytical laboratory for analysis of total N and total C. Total N and C were determined using a combustion analyzer equipped with an infrared detector (LECO Instruments, St. Joseph, MI).
Susceptibility to P. ramorum. Six currentseason leaves were collected from each plant in early October of 2008 and 2009. Leaves that were fully expanded and hardened off were selected. Phytopthora ramorum inoculum was prepared from cultures of an NA1 lineage isolate (03-74-N10A-A from Rhododendron · 'Unique', A2 mating type) grown for 4 weeks on one-third V8 agar (66 mL of clarified V8 concentrate (100 mL V8 juice, 1.43 g CaCO 3 centrifuged 15 min at 5000 rpm, 15 g Difco Bacto agar, 950 mL H 2 O). The NA1 lineage was the most commonly isolated clonal lineage of P. ramorum in both forest and nursery environments at the time of the experiment.
A zoospore suspension was prepared by flooding plates with 6 mL sterile deionized water and refrigerating for 2 h and then left at room temperature for 1 h. The spore concentration was determined with a hemacytometer and ranged from 5 · 10 5 to 1 · 10 6 zoospores/mL for the tests. A 10-mL drop of zoospore suspension was pipetted onto the lower leaf surface. The leaf tissue beneath drops on three leaves was wounded using an insect pin, whereas the tissue beneath each drop on the other three leaves was left unwounded. Leaves were incubated on moist filter paper in petri plates in the dark at 19 to 20°C for 10 d (Tooley et al., 2004) . In a preliminary experiment, a set of wounded leaves of each cultivar was inoculated with a 10-mL drop of sterile distilled water and no lesions were formed (data not shown). Digital photographs of each leaf were taken and lesion size was determined using the program ASSESS (ASSESS V. 2.0; APS Press, St. Paul, MN). Only infections producing visible symptoms were considered in this study, although isolation of P. ramorum from inoculated leaves of some species suggests that asymptomatic infection is possible (Frankel, 2008; Riedel et al., 2012) . Infection frequency was determined based on presence or absence of a visible lesion (Fig. 1) . Data analysis. Plant growth, quality, leaf N concentration, color, and C:N ratio data were subjected to two-way analysis of variance (ANOVA; PROC GLM; SAS 9.1, SAS Institute Inc., Cary, NC) using cultivar and N treatment as the main effects. However, significant two-factor interactions necessitated the use of one-way ANOVA to test N-rate significance. Mean separations were done with a protected Tukey's Studentized range test.
Disease incidence and severity data were analyzed using R Version 2.14.0 (R Development Core Team 2011). A c 2 test was performed to examine differences in infection frequency (percent leaves infected) between N treatments for all cultivars and between cultivars for all N treatments followed by the Marascuilo multiple comparison test for proportions (Zwick and Marascuilo, 1984) . The Shapiro-Wilk test for normality was performed on lesion area measurements for each wounding treatment and measurement time. Non-parametric tests were used when non-normality was found in the data. Differences in lesion area between wounded and unwounded treatments for all cultivars and N concentrations were evaluated using the Wilcoxon signed-rank test for paired samples. Differences in lesion area between N treatments and cultivars were examined separately using the Kruskal-Wallis test followed by Dunn's multiple comparison test. The relationship among foliar N concentration, foliar C:N ratio, and lesion area for each cultivar was assessed with linear regression using pooled mean values of lesion area on wounded and unwounded leaves for each cultivar/N rate combination.
Results
Cultivar response to nitrogen rate. Shoot growth response to N rate at the end of one growing season (2008) was similar for 'Cunningham's White' and 'English Roseum' with plants fertilized at the high N rate, 150 mg N/container, making more growth than plants at the medium, 75 mg N/container, and low, 25 mg N/container, N rates (Table 1) .
Although these cultivars had smaller ISGI at the 25-mg N rate, the difference between the 75-and 25-mg N rates was not significant. At the 150-mg N rate, 'Compact P.J.M.' had a greater ISGI than at the 25-mg N rate but growth of plants fertilized at the 75-mg N rate did not differ significantly from either 150-or 25-mg N plants (Table 1) .
Plant visual quality was similar at the 150-and 75-mg N rates for 'Compact P.J.M.' and 'Cunningham's White' after one growing season (Table 1) , whereas 'English Roseum' quality improved with increasing N rate. Quality of all three cultivars was lower at the 25-mg N rate. The number of flower buds set on 'Cunningham's White' and English Roseum' the first growing season was not influenced by N rate (Table 2) .
After two growing seasons (2009), ISGI of both 'Cunningham's White' and 'English Roseum' indicated plants grew larger as the N fertilizer rate increased (Table 1) . ISGI of 'Compact P.J.M.' was larger at the 150-and 75-mg N rates and smaller at the 25-mg N rate. Cultivar quality ratings at the end of two growing seasons followed the ISGI pattern with quality of 'Cunningham's White' and 'English Roseum' increasing with N rate, x Shoot quality was rated on a 1 to 5 scale where 5 = superior quality; 4 = high quality; 3 = marketable quality; 2 = low quality; and 1 = poor quality plant. w Means within a column and cultivar followed by the same letter are not significantly different at the P = 0.05 level using a protected Tukey's Studentized range test. C:N = carbon-to-nitrogen ratio. .9 c z Data were collected at the end of both growing seasons in early October. Values for L*, h°, and C* and number of flower buds represent the average of eight plants. y L*is the color lightness or value 0 = black to 100 = white. x h°is the attribute of color perceived (red, yellow, green, blue, or intermediate between adjacent pairs arranged on a 360°color wheel (0°= red, 90°= yellow, 180°= green, and 270°= blue). w C* is the degree of color from gray (equal 0) to pure chromatic color. v Means within a column and cultivar followed by the same letter are not significantly different at the P = 0.05 level using a protected Tukey's Studentized range test. N = nitrogen.
whereas 'Compact P.J.M.' quality was similar at the 150-and 75-mg N rates but lower at the 25-mg N rate. As N rate increased, the number of flower buds on 'Cunningham's White' and 'English Roseum' increased (Table 2 ) with five and nearly 10 times, respectively, the number of buds at the 150-mg N rate as the 25-mg rate after two growing seasons. Results of root growth ratings indicated N rate did not influence root growth of the rhododendron cultivars in either growing season (data not shown).
Increasing the N rate produced 'Cunningham's White' and 'English Roseum' plants with significantly darker (lower L*) and greener (greater h°) leaves with a decreased color saturation (lower C*) after one growing season (Table 2) . At the end of the second growing season, L* values indicated leaf color again was darker with increasing N application ( Table 2) . Hue angle was similar, indicating greener leaves, at the 150-and 75-mg N rates for both cultivars, whereas leaves of plants fertilized at the 25-mg N rate were more yellow (lower hue°). Chroma of 'Cunningham's White' leaves at the 150-and 75-mg N rates was similar in 2009 but 'English Roseum' C* at the 75-mg N rate did not differ significantly from either the 150-or the 25-mg N rates (Table 2) .
Leaf N concentration measured at the end of the first growing season increased as N rate increased for all three cultivars (Table 1) . At the end of the second growing season, leaf N concentration response to N fertilizer treatment was also similar for all three cultivars and the trend was similar to the first season's results with N concentration increasing as N fertilizer rate increased. However, at the end of the second growing season, only the 150-mg N rate was significantly different from the 75-and 25-mg rates (Table 2 ).
Leaf C:N ratio was larger at the 25-mg N and smaller at the 150-mg N rate for all three cultivars the first growing season (Table 1) . For 'Cunningham's White' and 'English Roseum', the 75-mg N rate C:N ratios were greater than the 150-mg rate but not for 'Compact P.J.M.'. The second growing season leaves of the 25 and 75 mg N-fertilized 'Compact P.J.M.' and 'Cunningham's White' plants had greater C:N ratios than those fertilized with 150 mg N. Results for 'English Roseum' were similar except C:N ratio of the 75-mg plants was not significantly different from either the 150-or 25-mg N rate.
Cultivar susceptibility to P. ramorum. Infection frequency was greater on wounded leaves of 'Compact PJM' in both years than on unwounded leaves (Table 3) , and there was no significant difference in infection frequency for wounded and unwounded treatments on the two susceptible cultivars (P = 0.0011, 'Compact P.J.M.'; P = 0.7015, 'Cunningham's White'; P = 0.0756 'English Roseum', t test). Lesion area differed on wounded compared with unwounded leaves for each cultivar and N treatment in both years, but these differences were not always significant (Table 4 ).
There were significant differences among cultivars in susceptibility to P. ramorum, with 'Compact P.J.M.' being the most resistant, 'Cunningham's White' was intermediate, and 'English Roseum' the most susceptible based on infection frequency results (Table 3) . Overall analysis of lesion size after 10 d showed that there was a significant difference in the severity of P. ramorum infection on the three cultivars. Typically, 'Compact P.J.M.' had the smallest lesions, whereas 'English Roseum' had the largest (Table 4) . Infection frequency and lesion size were the most variable on the cultivar For wounding treatments an injury to the leaf surface was made with a pin after inoculation. Values represent the average of 24 leaves. y Means within a column across cultivars with different letters are significantly different at P = 0.05 (c 2 test, Marascuilo procedure). There were no significant differences in infection frequency among N concentrations when cultivars were considered separately. x * and NS indicate significance and non-significance of wounding treatment within a year, cultivar, and N rate treatment (Student's t test, P < 0.05). N = nitrogen. Table 4 . Mean P. ramorum lesion area (mm 2 ) of symptomatic infected leaves on three Rhododendron cultivars grown under three nitrogen fertilizer application rates. For wounding treatments, an injury to the leaf surface was made with a pin after inoculation. y Means within a column and within a cultivar with the same letter are not significantly different at P = 0.05 (Kruskal-Wallis test, Dunn's procedure).
x As a result of low infection frequency, statistical tests were not done on unwounded 'Compact P.J.M.'. w n = number of symptomatic infected leaves. v NS and * indicates non-significance and significance of wounding treatment within a year, cultivar, and N rate treatment (Student's t test, P < 0.05). N = nitrogen.
Compact P.J.M. The relationship of foliar N concentration and lesion area was the strongest in 'English Roseum' (Fig. 2A) , where lesions developed on both wounded and unwounded inoculation sites and lesion size increased with increasing foliar N concentration (R 2 = 0.9611, P = 0.000574). Lesion area was greater on all cultivars in 2008 than in 2009 (P = 1.36 · 10 -10 , t test). On unwounded 'Compact P.J.M.', infection frequency was low with the number of lesions produced between 0% and 16%.
Leaf N concentration and C:N ratio (Fig. 2 ) were strongly correlated with lesion area on wounded and unwounded leaves in both years for the cultivar English Roseum. A similar trend was seen for 'Cunningham's White'. No linear relationship was seen for these parameters in 'Compact PJM'.
Discussion
Nitrogen rates for this study were intended to produce a range in growth response, leaf N concentration, and C:N ratio of three evergreen rhododendron cultivars with varying susceptibility to P. ramorum. At the end of both growing seasons, our results showed all three rhododendron cultivars growing in 11.4-L containers and receiving the low rate of 25 mg N/container twice weekly had smaller ISGI, lower visual quality rating, and the lowest leaf N concentration (Tables 1 and 2 ). At the high N rate of 150 mg N/container, the cultivars had larger ISGI, higher visual quality rating, and the highest leaf N concentration. Leaf C:N ratio was typically the inverse of leaf N concentration with plants fertilized at the high N rate having the lowest leaf C:N ratio and plants at the low N rate having the largest C:N ratio. Plants fertilized with the medium N rate (75 mg N/container) were intermediate to the 150-and 25-mg N plants for the measured variables; occasionally the 75-mg N rate differences were not statistically different from either the 150-or the 25-mg N treatments, or both. The evergreen rhododendron 'Scintillation', grown in 3.8-L containers, exhibited significant linear and quadratic increases in shoot growth and leaf N concentration as N rate increased from 0 to 320 mg N/container in 80-mg increments (Kuo et al., 1997) . Bi et al. (2007) and Scagel et al. (2007) indicated that a N rate of 140 mg · L -1 (35 mg N/container) was in excess of growth requirements for deciduous and evergreen rhododendron cultivars in 3.8-L containers and used this rate in their N nutrition studies.
Root growth of all three rhododendron cultivars was similar for both growing seasons. Roots grew to the bottom of the container and root growth at the periphery of the root ball was substantial but container substrate was readily visible. Nitrogen rates similar to those used in this experiment did not affect root growth ratings of Rhododendron 'Scintillation' (Kuo et al., 1997) or Kalmia latifolia 'Elf' (Hummel et al., 1990) .
Leaf color of 'Cunningham's White' and 'English Roseum' was darker and more green as N application increased the first growing season (Table 2 ). Nitrogen effect on leaf color the second seaon was similar to the first. Rettke et al. (2006) used a Minolta chroma meter to show N applications to fieldgrown apricot trees resulted in darker and greener leaves. The Minolta chroma meter was found to provide a reliable indication of turfgrass leaf chlorophyll content and was considered to have the potential to guide N management (Mangiafico and Guillard, 2005) .
The number of flower buds on 'Cunningham's White' and 'English Roseum' was not influenced by N rate the first growing season but the second growing season flower bud numbers increased significantly as N fertilizer rate increased ( Table 2) . Plants of 'Cunningham's White' grown at the 150-mg N rate had 80% and 45% more flower buds, respectively, than plants grown at the 25-and 75-mg N rates. 'English Roseum' 150-mg N plants had 90% and 67% more buds than 25-and 75-mg N rate plants, respectively. Increased flower bud numbers are a typical response of young rhododendron cultivars to increased fertility (Myre and Mortensen, 1964; Witt, 1994) . Plants with numerous flower buds are prized by consumers and thus more marketable than plants with fewer flower buds. The challenge for growers is to apply sufficient fertilizer to produce highquality, marketable plants while avoiding excessive fertilizer application and the attendant problems with environmental contamination and plant disease enhancement.
Excess N will stimulate some pathogens, and some diseases are stimulated or decreased by nitrogen in the form of either ammonium (NH 4 +) or nitrate (NO 3 -) (Huber and Watson, 1974) . In soil, increased N in the form of NH 4 + or NO 2 -has been shown to reduce germination of propagules of several root-infecting Phytophthora species (Tsao and Oster, 1981) . High N rates increased susceptibility of potato to foliar infection by P. infestans, but resistance to the fungal pathogen Alternaria solani was increased (Mittelstrab et al., 2006) . Opportunistic plant disease organisms that infect weak, slowly growing, or senescing plants may be more aggressive on plants that are deficient in N (Snoeijers et al., 2000) . In this study, lesion area on 'Compact P.J.M.', the most resistant cultivar, was higher at the lowest N rate on wounded leaves in 2008, although infection frequency was low on both wounded and unwounded material. It is difficult to draw conclusions based on lesion area from this cultivar because the results were variable and infection frequency was low. Lesion area of the moderately susceptible cultivar, Cunningham's White, was largest at the highest N rate but only for unwounded leaves in 2009. Consistent results were obtained from the susceptible cultivar, English Roseum. Lesion area increased with increasing foliar N concentration in 'English Roseum'. The results for currentseason mature foliage of 'English Roseum' in this study agree with those of Hoitink et al. (1986) , who found that increasing N concentrations in juvenile foliage were positively correlated with P. cactorum lesion size on the cultivar Roseum Elegans. Both 'English Roseum' and 'Roseum Elegans' are hybrids of R. catawbiense. 'Cunningham's White' is a hybrid of R. ponticum and R. caucasicum. Infection by the EU1 lineage of P. ramorum on R. catawbiense, R. ponticum, and R. caucasicum is more severe than on R. carolinianum, one of the parents of 'Compact P.J.M. ' (De Dobbelaere et al., 2009 ). These authors also found more severe infection on 'Roseum Elegans' than on 'Cunningham's White', although 'Compact P.J.M.' was not tested.
In a survey of 15 nurseries in Washington and Oregon (12 of which were producing field-grown plants and three of which were producing container-grown plants), foliar N concentrations in mature leaves collected from 'Roseum Elegans' plants in January were found to be 1.73% for plants rated of average quality and 1.9% for the most highly rated plants (Ticknor and Long, 1978) . Although the amounts of foliar N detected in this study were less than those considered optimal in the 1970s nursery survey, all cultivars fertilized at the 75-and 150-mg N rates were of marketable or superior quality. In Season 2, the number of flower buds averaged 34 and 29 per plant at the 150-mg N rate for 'Cunningham's White' and 'English Roseum', respectively.
The environmental impact of N applications in nurseries has been the driving force behind research demonstrating that marketable container plants can be produced using less N and water. Results of this study, showing larger P. ramorum lesions at the highest N rate on leaves of the most susceptible cultivar, English Roseum, may add impetus for reduced N inputs and for additional research to determine optimal fertilization practices for nursery growers.
